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(54) FLUID DISPLAY DEVICE WITHIN TUBULAR BODY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a fluid display 
device within a tubular body which enables visual 
determination of the flow of a fluid within the tubular 
body such as blood vessel. 

SOLUTION: A three-dimensional image 80 of an internal 
wall of a blood vessel is displayed on a CRT58 from a 
piled three-dimensional image obtained by piling up a 
plurality of tomographic images containing a volume 
image. Coordinates of the internal wall of the blood 
vessel are extracted from the piled three-dimensional 
image to calculate a flow velocity vector at points in the 
blood vessel as boundary condition. The direction of 
bloodstream is displayed by the arrows 70B... on the 
three-dimensional image of the internal wall of the blood 
vessel as shown on the CRT58 based on the resulting 
flow velocity vector. This enables visually capturing of 
how the blood in the blood vessel flows. 




(19)B*S#fW (JP) (12) & M ft 1^ & $6 ^) (ll)ttfftiWftBI** 

4WAPR0- 94519 

(43)&I8B ¥^10^(1998)4^145 



(51) IntCl. 8 
A 6 1 B 5/00 
5/026 
G 0 6 F 19/00 
G 0 6 T 7/00 
15/00 



mm* 



F I 
A6 1 B 
GO 9B 
A6 IB 
G06F 



5/00 
9/00 
5/02 
15/42 
15/62 



D 
Z 

34 OA 
Z 

4 1 5 



m&mx stooges ol (± io h) mmm\zffi< 



(21)ffl®#^ 


WW** -250650 


C71)ffiKA 


000153498 










(22)fflgH 


¥j£84p(1996) 9 H20B 




3WaR=F ftBK[*l# B 1 TB 1 #14*1 






(72)fg9i# 


&» 
















££S:B5L* Thrift 






(74)f$8A 


#3± &» 5gH 



(54) Stt#ft©«t#$jK8g 

(57) mm 

&CRT5 8ic:*^-r5t fc fcfc, ft(ria«±tfH^7c® 

a-*-*. *lt\ h/ncs-^-c cr 

T 5 8 \^7jk^titcik i §(^M<DE.^jm^±iZ^ 7 0 




8 0 



Best Available Copy 



1 

[ttttlftftelfifl] 

*±»ffca±«'=»5Eiii**»feff*flcrt«o!ina=ft5c 

®& fcBE±fc**1- 5 ff^fr rt«3f t , 

miEatiiwu*ak:i-3-cjwj*#ufc.iinE*tt*rto# io 

1-5 r t t +*» ** 1 ©f 1 

ft. 

[§s**5] «WBaE***#ft«:» feftotmoftft 

i «r#mi1-5if**4 ©«K{*:rt©«#:*5*36ft. 
[»W©B»ftRWl 30 

[0 00 1] 

fcjfc«*©**©«ft fcftfeT***- 5 fftftft ©«# 

a*s*mwi-5. 

[0 0 0 2] 

[&£©&flf] tt*J:i>, «f?*©Ktl-*ifK:*J^-Cll 

jii2©£*©*ft©«^&ff3M8?s^L£^i-5r. & 

#*>5. «6ft©flW-SrfHI»-e??ai-5.K:tt:, 
ftjfi©^tr;c • * h-**©ft»##aa;t\ 40 

Smi"5ri:i5-c?#5. 
[0 0 0 3] t r. 5-Cifi¥, B*©»*Kl*JV^T«*ft: 



^M^l 0-94519 

2 

1-5 r tas-et, z<Dm&<Dmmmfrmmisfzm& 

= &tcB& & 4*+ 5 C £ AS T' § 5 . 

iot. iktf^«:ttajLTik*©rt«fc*«1-5rfc 

£ L -C ^ 5 gflffflSffi 5 r t # X' # 5 £ 5 * o X 

l^5„ 
[0 0 0 5] 

©ftftS-ettftvSJvf, ]Mfrt©jiLft©*-?-$:**K: 
*eg1-5CtiS-T?t*/i»-o^: 0 *7t, Eft©#fftefifte> 
Tl*©5Hff*K:fcv*Tfcetf*©ff#fr©Wftfc&iK 

*««*aEi-5 r. <b tfjfaft©**?©** £ IRI*fcfTfc;ft 

«*©ft*i©«-?-H:«ai-c?*1\ +#*l**r:i*"C**a» 

[0 00 6] *&Wi-±~<n£ o tiM-m^MHXtt^t. 

1-5 r t «s-et **«»rt©«flqiK%SW*r«fc-*-« r 

<t£Slfti1-5 0 
[0 0 0 7] 

H&tuB&;!» 6 5:^ UJ1- 5 f^ft rt 

rtW#^td*3»t58fll3i-<^ h/V?r^ffi1-5^jigai#S 

at, ^5>fife5ri:S:#mi:bTVN5o 
[0 0 0 8] #5SI^J£ JJ? U a-A®«lS:^tfS 

eco^Z^5n®^^HS±^^1-5i:«!:tt^ fflG 
[0 0 0 9] ^tttiD, *ttflErt©iilE*08IHxo»T- 



Best Available Copy 



(3) 



¥fffi¥-l 0-9 4 5 1 9 



mmmt LxuTitwftn^vmtiz&iFi-zskmm 
cTit^MR i mmtet'<Dm%m&&mmw:X'Wtfkfc 
fifDis^T-^srttmu, m 3 o & 3 ^tch^ 

IHKO^fcMm-fi^ftfldFte&eiE (CPU) 5 0 

^-r?.fc*lC|5lt-t-5*^^^y 5 6 t. 
!> 5 6 4r*jp+5**St«fcL"C©C 
RT5 8 ftgA*li£Bt LTcD-<r£* 6 0 ^ 
*6 0©tMtaUCRT5 8iO?!!'^^ 
©{MM**- ? * 6 0 ©ft** C P U 5 0 fcffl A 

X= { (D-d 1) / (d 0- 
Y= { (D-d 1) / (dO- 
x0= ( (dO-dl) / (D 
y 0 = { (dO-d 1) / (D 

tf-f) -hfc, 15 121^X^5 1 2W*-e**-*"5i: 
t\ X, Ytt- 2 5 6d»5>+2 5 6*T?<73|t*S5. -t 
*Vp*UOX, YlC^LTd 0©#rJf&2 3 A_b-Cf4±fc 
(3) , (4) StJiDxO, yO^O, if©£# 
J9#1-"«**»a****. 8rJl&2 3AI4«lfc&>o-C, d 

[0016] n*©Jfi«9R»C*SV^-C, NfrJIIft 2 3 AOi 
Kt»rJifll2 3B~2 3EMIU y*fc6rfla»e>afc 
0*010 (a) -©010 (a) ICfcV^T, 

»rg&2 3A~2 3 EttH-^ifetOV^TP-^ipHc: 

BJOi, i^fiBl, B2, B3#!iPU"C#V^-C*> 

S„ H8Sffi*£ B 1 , B 2 , B 3 SrftfJE 2 1 

iBT , B2" , B3' ttti. Mr«tt2 3 

ccss^iici, C2&8M2 ncgj^-fstc 
i ' , C2' <t&5o 8*7*-* 



[0 0 12] #T, I2«7n-ft- h-Srffl^T-blE 

i»s*!gg©{f^o^Tf&^-r3o *1\ cpus 

[0013] 0 9 fc7j*1-0tJ-CW:, 
ptcMa^SrioTvio rcD0 9 lcj3t^T\ x, y, 

ztt = ft7affi«» (x, y, z) ©#«k e£ (xl, 
yl, dl) ttttAeOttK, P,£ (X, Y) I4i£j£ffi 
(**lfffiK:tBS1-5) 2 1±W^ S£ (xO, y 
0, d 0) ttejS (x 1, y 1, d 1) tP& (X, 
Y) ftl£i£jR2 2 £WJf&2 3 At5b5^ "C*> 

So 

[0014] DI4&M 2 1 ©SUE 2 1 ©&g 

(zte_h) -C, ttAtKJfBriBT?**. dOI4»rJf&2 
20 3A©{£g (z*Lh) -C, IHJIWfcifc**. d 1 f±U& 

o. 
[0015] 
[&l] 

d 1) } X (x 0-x 1) +x 1 - (1) 
d 1) } X (y 0-y 1) +y 1 - (2) 
-d 1) } X (X-x 1) +X - (3) 
-d 1) } X (Y-y 1) +Y - (4) 

30 fed, ajSez)»ba-cj:9a<tc#^Ei-5i9«7 f -^* 
LfciSo-crr-ctt, fi»f-?ci, C24. 

D«*7*-*B1, B2, B_3 e J: DSKtC 

gj^x-^ B 1 ' , B2' , B 3 ' £tc 
Id^V^-C. gff-?Cl' , C2' l±**»fe±»#-f 
S^ttftS. fc*JBlO (a) T'f4, &J£x-*B 
1' , B2" , B3' ;C1' , C2' I4#*g;»®2 

hW&r — 9 B 1 ' , B 2 ' , B3' ; C 1 ' , C2' 
40 Lfcfc»fc»lf-f\ **JKi#!Wx*S! 

gf-?Bl' , B2' , B3' **UCh#*3*i 
5jSff-?Cl' , C2' tHRtcfiSj^B 2 1 ±|C 

[00171010 (b)B, 110 (a) £ 9 fc-jR 

£<OfflX~hZo :i©^-|4, l€t2 3A, 2 3B, 2 

3c'-a»b*tn*»-cia«K2' 1 iWfciBicrtiJtb^ 

fcf&rJf {£ 2 3 a , 2 3 b, 23 c -«rffo-C»< jS5*^ 



Best Available Copy 



(4) 



0-94519 



tzmm& 23b, 23c, 23d _h©JIS§1?5J5& b 1 ; c 
1, c 2 ; d l©fi«f-^T^5. 

[ooi8] ami tomtoRtm&titfi. o 

*Km-afcft<oB-e, *f*fft2 3±<osa (x o. z 

0, yO) ©ft»ift*dsaK¥ii±roP^ (x, y, 

(-i5S^¥S2 1^0Wf»{ft2 3«CSfcot 

®rg&2 3©H*ffi«oS:«3p®2 i±<affig|^cD 
«iftf±?ko± 5 fcftkiiS. 10 

[00191 aJ4x$ftiS^¥ffi2 1CD5^^5 

A, b l± y « t »J»SPB5 2 l©^5,t cliztttS 

(x/a) + (y/b) + (z/c) 
•C*b$iv5 0 *fc, e,£ (x 1, y 1, z 1) tPjS 
(x, y , z) £ii5fi:;§|2 214 

(xO-x) / (xl-x) = (yO-y) / (yl 
(z 1 - z) 
&^¥S2 lflSc 1/& (x c 1, yc 

1, z c 1) 

[0 0 2 4] 20 
[ft4] 

k 1 = s i n a 
k2 = cosin/s i n # 
k3 = cosa*cos/3/s in(3 

z = [X-kl-Y-k2-ycl • k 3 - { (ci • k 3 
) + ( (ai • k 3 • X) / (bi • c o s a) } - { (ai 
/bi)]/[l- { (ci • k 3) /b i } + { (ai 
(b i -cosa) } ] 
x = (X— z • s ina) /cosa 
y=[ycl+{— ci - (z - z c 1 ) — a i • (x 



[0 0 2 01 att«jS;6»fci»J&¥aQ2 

fcS^^z-xEfcg^Lfc^xttt^-r^, 5»4ttr 

KSHriSx- zffit ejS'fxl, yl, zl) 

BtUHeOttl, PA (x, y, z) I4&J^B 
ffiHtaSi"5) 2 1±«0^ % (x0, z0, y0) 

14 e ( x 1 , yl, zl) tP^ (x, y, z) £il 
SOUK 2 2 £»fJi&2 3<0£fc>5,£, t-tZk, ft<V& 

[0 0 2 1] *f\ &Jg¥ffi2 114 
[0 0 2 2] 
[&2] 
= 1 

[0 0 2 3] 
[*3]' 



(5) 



y) = (z 0- z) / 
- (6) 



a 1=1/3 
b i = 1/b 
c i = 1 / c 

[0 0 2 5] 
[*5] 



z c 1) /b i 
k 3 • x c 1 ) 
k 3 • s ina) / 
• (7) 
■ (8) 

x c 1) )]/bi 
- (9) 

±ISC 1M (x c 1, ycl, icDKtt, £eM<DEggtf4h) tLT, 

0J*.tf, Me (xl, yl, z 1) 1 [0 0 2 6] 

zcl=zl+-[h/sqrt {1+ (c 2 / a 2 ) + (c 2 /b 2 ) }] 

( r z 1 +-j <d r-j 14 2 o< z c 1 (Db%) -(10) 

xcl=xl+{c- (zl-zcl)/a} -(11) 

ycl=yl+ [c (zl-zcl)/b) —(12) 
Sr^oTti^. yl, z llittt^X.5©-?, TJi (1 3) , (1 

[00 2 7] ®&Ztl1tm&$:&&¥-m 2 1 40 4)s£fc:J:»>, y 0 = d 0 w»fg^±T-®^ S £of| 

**wbb (H**-f) ±(c % ^5 1 2H?gx^5 121 x 0, z 0***5. 

ItSftStl^ X, Yf4- 2 5 6^5>+ 2 5 6*"C [00 2 8] 

<Dffi£&S„ ttftlfflX, YfcttLTifc (7) , [»7] 
(8), (9) itCiOx, y*Sft*5. eAflxl, 

x 0 = { (dO-y) / (y 1-y) } X 

z 0= { (d 0-y) / (y 1-y) } X 

X, Ytc^LT^^SJ^i-^t^x 0, yO#ft* *#>%&<D'*y bteZ. PjS©H3MSI±, R3£* 



(xl-x) + x 
(z 1 - z) + z 



(1 3) 
(14) 



Best Available Copy 



(5) 



(0 0 3 0] ft, jfctfrtflf©=ft5cir«**K:HLT 
II, #1^¥4 - 1 4 3 4 9 6 #KJSBSlCfE©$4x-Cl'' 

*ff&-f3socTWfc±©jft©&ai) &m%.?j *9 5 

4 (Xf±±>*y 5 2) fc«MW*. (B27fy^ 10 



#ffl¥l 0-9 4 5 1 9 



8 



1) . 

(0 0 3 1] WCCPU50I4, Wto.? 4*9 5 4 K1& 

[0 0 3 2] 
[ft 8] 



(1 5) 



[0 0 3 3] 



[0 0 3 4] 



d u/d x + d v/d y + dw/d z = 0 

[ft 9] 

a u/a t + u • (Ju/dx + v • 3u/3y+w a u/a z 

= -a 2 p/a x 2 + (a 2 u/a x 2 + a 2 u /a y 2 + a 2 u/a z 2 ) 

/R e 

(1 6) 

[ftl 0] 

d v / d t+u • d v / d x + v • d v / d y + w • d v / d z 

= -a 2 p/d y 2 + (a 2 v/a x 2 +a 2 v/a y 2 +a 2 v/a z 2 ) 

/R e 



(1 7) 



[0 0 3 5] 



a w/ a t + u • a w/ a x + v 



[fti i] 
a w/ a y + w 



a w/ a z 



= -a 2 p/a z ; 

/R e 



+ (a 2 w/a x 2 +a : 



w/a y 2 + a 2 w/a 



) 



ZZX\ * (15) t±K*©fiiflEai«:ISJfif *3t«tO 
(16) M(18) tt»tt#«#ifcBJ«:KJM-5 

5 0 fc«u Pitsti, u, v, wtt«n©afc«j*»» 

[0 0 3 6] ±JfiOS: (15) TbS. (18) CO 



30 



u (: 



z , 0) =u 0 (x, 



(x, y, z, 0) = v 0 (x, y 



w (x, 



z, 0) = w 0 (: 



[0 0 3 9] 
[0 0 4 0] 
[0 0 4 1] 

P (x, y. z, 0) =P0 (x 

tit, BEAP»M«o|»k:J:9»ft-t-ajE*triMH- 



(1 8) 

[0 0 3 7] iCOA (ib,y 

b s zb) T'lfc.SftC0ji^^2.3f"C-^-eu 0, vO 
X\ E.tit>P0k1Rfei-Zk. 9tMMto± 

u (xb, yb, zb, t) =u0 

v (xb, yb, zb, t) = v0 

w (xb, yb, zb, t) = w 0 

P (xb, yb, zb, t) =P0 

[0 0 3 8] 
[ftl 2] 

z) (19) 

[ftl 3] 

z) (20) 

[ftl 4] 

z) (21) 

[ftl 5] 

z) (22) 

[0 0 4 2]. 
[ftl 6] 



Best Available Copy 



(6) 



iLTt>£i/\, uO (x, y, z) , vO (x, y, 
z ) , v 0 (x, y, z), PO (x, y, z) <DjS.it 

[0 0 4 3] 0iR«, 7^60 Tit ^Lfcifcf ©*<i> 
ilr (xc, yc, zc) k Ltck% 
u 0 (x, y, z) =J9fcl -£$C2 • ( (x- x c) 

(x — xc) + (y — yc) (y — yc) 4- (z — z 
c) (z - z c) ) 10 
v 0 (x , y , z ) = ^£3 -£§:4 • ( (x - x c ) 

(x-xc) + (y — yc) (y-yc) + (z — z 
c ) ( z — z c ) ) 

wO (x, y, z) =®K5-3gjBc6 • ( (x-xc) 
(x — xc) + (y — yc) (y — yc) 4- (z — z 
c ) ( z — z c ) ) 

PO (x, y, z) =£ft7-j£»8 • ( (x-xc) 
(x — xc) + (y — yc) (y — yc) + (z — z 
c) (z — z c) ) 

"«EflUCt>J:v\ 20 

[0 0 4 4] W, *»8!fi, -J-K-i . * h-**©flBfc 

»JW:o*«W«feS:fflv^iS, (it) *3SC*¥fcHJR£ 
1 9 9 2^2125 BSSfT, ^t^^li* 
rWB#A*J 1 5-4 O^-^fcBifcSft-C^a. 
1 8^<— ^{Ctt, Marker-and-Cell jfefciS, 9 

[004 5] K± % C P U 5 0 tt±BSMtW-*«rff V\ 

5 XH:0 6 {c^f J: 5 &jfiLgfE©«B-£* LfcjfaJc^H 30 
&%!h l §ftm<DE.&7zm&8 0(CE^TCRT5 8 K« 
(02xrs>7*3) . H S ©±«E**B«-eH:» 
CRT 5 8(CjfiLl=rtliroZi5:7£ili^8 O^^ttSt 
fcfetejfc*rttt©tt*teW*3;ii,fcA (Bfo*fli7 0 

A, 7 OA. •••■C^^Hfc^'Cfct), Z<DM.<DfM.mit J f' 

tt5«©^(R]i5 s ^RJ7 0 B, 7 0B-f*^^5„ 
1*5, &PP7 0A, 7 OA, •••^PP7 0B, 7 OB, - 

[0 0 4 6] 0 6 ©jfojE^ii&Tfi, CRT 5 

8(cjfcf'i*A0=fc7cMk8 o»$t9isiiik fctK, 

£SKii&£ftfc££a3§fcr$7 2 A, 7 2 A, - (A 
*rt©j|L«©«lx©*-T-i6«WI6WlclP*k:ieaT»#, Jfa. 



WH¥ 10-94519 



10 



3 fcLTt> J: v\ p?K©»#£ 
#5!i^©H^7cli^©»iSj©*^(ci8L-Cii. 
4-2 4 3 2 3 l*WW*tt:E***l/C^5. -©#* 
¥4-243231 *WiW*"CttPfK{tffi fi J: 9 Stf££ 

Si4:T»lljMJ*«r*5lU-CV^*, :£3SH©]tLtf©ft 
H**©*frlctt, *SMfcfn?*WW-SfW3 0fcU 
©Hit ©ttft^Mfcfc j»+;h,tf»B*rJI3W-« - £ ^ s 

[0 0 4 8] iik^<^Sbi®tci-a-^-<±^iJiiLgSEO»biilI*^t- 
ft, * (2 3) ©ffiftA**fc£-frfctoffl*#iik'ffl'i 

*©=2fe7cMft[**K:ffiofeii*A©jfiaT?©s 

-TC>«JWfett (19) - (2 2) £&? 0 MZ-tt. ®W 
©*^-ettH 6 (C^ Lfc**Mtt 5 ii7 

(A) , (B) , (C) ©J:5fc**S*U &fta>tttt 
lofc D/tifn.?)it©^{bi45ffigT* « 5 J: 5 left «. 

[0 0 4 9] ±BJdfc©»*-eH:, jfcifcfcfcSi* 

jfc^^murt#ic©«i^*^(cjfiLl : rt-e^®i^*TifiL 
«©tHrf-S:*L-CfcJ;v\ ±lEHJt©»JS-t?tt, 

wsa*inbtzQ<z>m*tfwei>& 

ii«rJW«1-5. 0 8 (A) ©Jfctf©=2fc5cilifc8 Ofc 
*JV>T, *3P*lfttWB*i:0 (08 (A) ©8ffB^8 
2»B) , JfiL«flEft©»fiBa*S i (i=l, 2, 3, 

i, 2, 3, 4-) ki-ik. j&MMc 

Al • (S1 + S2) /2=42 ■ (S2 + S3) /2 
A2- (S2 + S3) /2 = U • (S3 + S4) /2 



[0 0 5 0] ®»S i ( i = 1 , 2 , 3 , ••■) l±H&7C 

Bfd*»e>*ja»5©-eA i (i = i, 2, 3, 4-) 

d»5. dftSrfcirKs 08 (B) ic^-f £ 7 fcSi 

7 4 A, " O" 74B, " X" 7 4C) # 3 ititS© 
[0 0 5 1] JJLh, iEHJSw^-CliAtrt©^© 

a^Sr^-t-sjiijifaiis^iiiiiJiov^-cRwufcas, #3§ 

[0 0 5 2] 



(7) 



W 10-94519 



11 



12 



[Hi] Hi fix *«W#affl*ii*jllL*«*Sllto- 

[12] H2r4x **WiS»ffl**uSiliLj!fE**S*©*Q! 

[Bl 3] H3tt, Affrt«0=*5EW*©— fclfc^Lfc 
HT-feSo 10 

[15] H5I1, «*^®^(75-^J%^Lfclir-fc 
So 

[B6] H6ti\ j4Laat*lS4fe©— WSr^U)tH-C*> 
5 0 

[07] H7IS, lkffi%:7FW&.&W)WX'igc7FVtzm&<D 

[H8] H8ii, ikffi*^Hfc©ffi£&^©ffi$fc:fl3^ 



[H9] H9» % =&7tm&mi$.5mc&\i s mavm 

[Hi o] Hioii, ttftoffJIftKio^-coiirJlf&ff 
©S^S±c7)g|a^ig^SrlftK1-5fcferoHt?fc5. 
UlllHim, W6&£.tfl£SJli;SSJ:9« 

I«F*©Rf!] 



5 0 
5 2 
5 4 
5 6 

5 8 

6 0 
6 2 
6 4 
6 6 



■CPU 
•CRT 



[HI] 



IH2] 




— I 



[H4] 




(9) 



#§B¥l 0-9 4 5 



[08] [BIO] 




(10) 



0-94519 



(51) Int. CI. 6 

G 0 9 B 9/00 



mm* 



F I 

G 0 6 F 15/72 



4 5 OK 



